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LOADING CHARACTERISTICS OF A F"P-TYFE AILERON 

AN UNSNiF!l-WING-FUSEIAGE MODEL 

By Ck!rz ld  IE 1 eser 

- 
h investigztion  has been  conducted at t'he 'Langley 16-foot trm- 

sonic  tunnel for the purpose or" investfgEting the effectiveness and 

configuraticn. The flzg-type outboard aileron was tes ted w L t h  md with- 
out  p&dle b d m c e s  &, Yach numbers  from 0.70 t o  1.05 and m ~ l e s  of attack. 

chord, vezied from zbout 5.5 x 10 t o  6.5 x 10 . 

* loacing  characteristics of En aileron nounted on an u-n-swept-wing-body 

Oo t o  14O. The t e s t  Reynolds number, based on  wing mean aerodynmic 
6 6 

Results of the  investigatio-n- i d i c a t e  thet wiYn increasing Mach nun- 
ber at &%le of attack of Oo, the aileron  efr'ectiveness is  =early con- 
s%ant until a Mach nuirher of 0.94 i s  reached, after which a rspid  decrease 
in  efrectiveness  occurs. A t  Mach n-mbers  from 0.98 to 1.05, the  pdii le 
balmces  redzce tke aileron hinge-moment coes"I"icier"i by about 22 percect 
z t  an mgle of attack OP 0'. me largest   increase  in dzag coefficiezt  
d-ue t o  addition of paaclle belances t o  one a i le roc  snomts t o  about 0.002. 

Beczuse t-eory  for  predicting  effectiveness and loading cbmracter- 
Lstics of laterzl controls is inadequa%e at  t rmsonic  speeds,  recourse 
luust be nad.e t o  experiments resewch t o  supply  such  infom&%ion. Accord- 
ingly, some lateral co-n-trol investigztions at t ramonic speeds have been 
corducted by the NACA on smU"scaJe models by u t i l i z ing  the transonic 
b-mg and  wing flow tecbmiques (see,  for example, re fs .  1 t o  3 ) .  

A program is now i_n_ progress a t  the Langley 16-foot  transonic tuzlnel . for   the psrpose of obtaining the effectiveness md loaiding of controls 
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on relat ively  lmge  scale  -usw&gf, sweptback,  and del ta  wings at Mach 
nubers  up t o  and s l igh t ly  Ebove 1.0. The present  report  includes  the - 
resul ts  fror;? t e s t s  of a 25-percent-chord, 40-percent-sec1Aspan outbo-d 
aileron mouzlted  on an unswept-wing  model enploying a w i n g  w i t h  m aspect 
r a t io  of 4 .O, a taper   ra t io  of 0.5, znd NACA 65A004 airfoi l   sect ions.  
Effectiveness a d  loadfng characterist ics were obtained w i t h  and without 
delta-shaged  paddle balances nzounted above ad below the  aileron. The 
t e s t s  cavered hkch numbers f ron 0.70 t o  1.05 m d  angles of attack from 0' 
t o  14'. The t e s t  Reynolds number based on wing mean eerodynamic chord 
varied s'rm about 5.5 x 10 t o  6.5 x 10 . 6 6 

The model forces and moments have been reduced t o  the s t cb i l i t y  
systen of a x e s .  M & e l  :Lateral coefficients m d  the  aileron  data  obtained 
with  tle  nodel  inverted h&ve been converted to  the  equfvalent of an 
upright model with the control 011 the right wing. Positive hinge rnamnt 
i s  defined as a nose-tq' moment for the aileron on the right wing. 

wing span 

span 03 aileron 

loca l  wing chmd 

wing m a n  aerodynanic  chord, $/2 c2dy 

Everage chord of aileron 

drag coefficient, 

ai lero2 hinge-mment  coeff  icsent, Hinge moment =bout Izlnge line 
2W' 

lift coefficien%, 

rolling-moment coefficient, Rolliag ncanent 
SSb 
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cm 
I 

gitching-namnt  coefficient, 
Pitchinn  nment about nkan t=e rodmic  a&er-chord 

%la = 

.. 

yzving-ament coelficient, Yawing n o ~ n t  
qSb 

ailero,n-  normal-force coefficient, Aileroc normal force 
SSa 

lgterd-force  coefficient,  Lateral  force 
ss 

w f ree-strean Mcch  number 

" area marcent of aileroE reaxward of aad aboat aileron hinge & x i s  

9 free-stream  dynanic  pressure 

% mea of atleron 

X '  distznce Zrcarr aileron hinge l i n e  t o  aileron center of pressure 
measured i n  the s i le ron  chord plane azzd p a m U e 1  t o  %-he m o d e l  
plane of symmetry (gositive t o  rear  01" hinge l i ne  ) 

Y 1aterz.l d is tmce measured perpendiculm t o  plane of s y m e t r y  

Y' lzteral. distance to dleron   cen ter  of pressure  xeasured lrom 
inboard edge of aileron  (positive o1:tboaxd) 
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a angle of attack of niodel (fuselage  center line) 

E a  aileron  dellection  angle  relative  to wing chord plane, 
xeasured para l le l  t o  the  plane of  symmetry (positive when 
t r a i l i n g  edge i s  down) 

% paddle  balance  deflection  angle  relative to   a i l e ron  chord 
plane  (positive when t r a i l i ng  edge is  down).  (Upper and 
lower balances remain para l le l  at a l l  deflections.) 

A sweep angle, deg 

The subscripts 8, and a outside the pErentheses  denote the 
parameters  maintained  constant. The subscript L.E. denotes wing 
leading edge. 

MODEL LW APPARAWS 

Model 

Geametric de-lails and pertinent di-aensions of the  basic wing-fuselage 
combiration are given in   f igure  1. A teble of the  fuselage  ordinates i s  
given in  reference 4. Photographs of the  sting-supgorted model instal led 
i n  the  tunnel and views of the aileron and paddle  balances are shown as 
l igure 2. The s t e e l  wing, which has zero sweep  of the 0.50-chord line, 
WBS mounted i n  a midwing position and has no geometric t w i s t ,  incidence, 
or dihedral. 

Details and dimensions of the aileron and paddle  balances aze shown 
i n  figure 3. The unsealed  trailing-edge  aileron is hinged at the 
0.75-wing-chord l ine  ar,d has 0.04~-a.ileron-chord overhang. The inboard 
edge of the  aileron is  located at the 28-percent-wing-semispan s ta t ion 
arld the outboard edge at the  98-percent  station. Three different  ai lerons 
were xti l ized  to  obtain  deflected  aileron  configurations.  These ailerons 
were geometrically similar except fo r  the hinges which were strain-gage 
beams machined as part; of the aileron. The beams were bent at different 
angles on the three a i le rons   to  permit  nomind (no load) aer'lections 
of go, -loo, and -15O. A positive  deflection  angle of 10' w 8 s  obtained 
by icver t i r !   the   ent i re  model w i t h  the -10' aileron  installed.  

The strain-gage beams  were sh.ielded from the airstream by small 
brass cover plates r:ounted on the  aflerons above ard below the hinge 
beam. The plates extended frm- the  hinge  line rearward a distance of 

aboizt - inch and were 1 inches wide. They were contoured so that the 3 3 
4 6 



naxLmum height above t'ne wing dontour occured   jus t  behind the hinge 

l i ne  end was about = inch.  pletes were fa i red  to EL mooth contour 

8 s  can be seen i n  the photograph of figure  2(c) m-d i n  the sketch 03 
figure 3. 

I 

16 

The paddle balmces, mounted  above  znd below the aileron  (figs.  2 
and 3 1, were loc.&ed &head of the Mnge l ine  zt the 0.378-span stat ion 
of the  aileron. TIE angle of t b ?   p . d a e s  S, wzs  OO 03 the 0' s i k r o n .  
Two e.d&itioml se t s  of p d a l e s  were u t i l i zed  for t e s t s  w i t h  the 
loo aileron, one s e t  Illounted at an angle of S .  = 5 O  esd the other at 
% = loo on tbz  aileron. 

InstrumentdxLon 

The o v e r u  model forces and moments were measured by a six-component - internal  strain-gzge  bdance.  Aileron normal forces a d  hinge moz~nts 
were measured by strdn-gage  baknces mounted on t'he hinge  beans. Angle 
of attack was  obt&ir?ed from a strain-gage  attitude trmsmitter nounted 
i n  the nose of %he model. Pressures at the model base were measured. by 
two or i f ices  nounted flush with the  internal-  surface of the fuselage 
=bout 2 inches aheed of t& fuselage base. 

- 

Tunael a-d Model Support 

The t e s t s  were conducted in   t he  Lrngley 6 f o o t  transonic tunnel, 
which has an octagonal  slotted test section  permitting a continuous 
w l a t i o n   i n  speed t o  Mwh nmbers slightly above 1.0. 

The st ing sugport, system,  which is described in  reference 5, is 
arranged so the t  the m o d e l  is located near the cenker of the t m e l  at 
all argles of attack. 
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I 
Mach 

runbe r , 

0.70 

96 
98 

1.00 
1.05 

T 

"""""" 

-0.1 t o  u . 5  
-.I to 11.6 
- a 1  t o  13.8 

o t o  13.7 
-.I to u . 6  
-.1 t o  13.8 
-.1 to 8.0 

Angle of attack, a, at  - 

0 t o  14.0 
o t o  13.8 
0 to 11.4 
0 t o  11.4 
0 to 13.8 
o t o  13.8 

- 0 . 1 t o  11.7 

0 t o  7.9 
0 t o  13.7 

Nminal Nominal 

(model inverted) 
6, = 3 6, = 10 

0 t o  14.0 
0 t o  14.0 
0 t o  11.5 
o t o  11.6 
0 t o  11.6 
o t o  11.7 
o t o  11.7 
o t o  11.7 
o to 8.0 

0 t o  14.0 
0 t o  14.0 
o to 11.6 
o t o  11.6 
o t o  8.0 
o t o  8.0 
o t o  8.0 
0 t o  8.0 
o t o  6.0 

Model and aileron  forces and moments were obtaired with the paddle 
balances  installed for the  following angles and Mach numbers: 

0.70 

.m 
94 

9 98 
1.00 
1.05 

% = 10 I 

, 
Angle 03 attack, a, et - 

NominPJ Nm-inal 
6a = 0 6, = 10 

s , = o  % = 5  

----------- 0, 4.0, 8.0, 10.0, 
12.0, 14.0 ----------- 0, 4.0, 8.0, 10.0, 
12.0, lk.0 ""-""" 0, 4.0, 8.0, 11.7 

0, 4.0, 8.0 

0, 4.0, 8.0 0, 4.0, 8.0 
0, 4.0, 8.0 0, 4.0, 8.0 
0, 4.0, 8.0 

0, 4.0, 8.0, 10.0, 
12.0, 14.0 

0, 4.0, 8.0, 10.0, 
12.0, llk.0 

0, 4.1 
0, 4.1, 8.1 
0, 4.0, 8.0 

The test  Rewolds number based on wing m e a n  aerodynamic chord varied 
frw about 5.5 x 10 t o  about 5.5 x 10 (see  f ig .  4) . 6 6 - 
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Tne messurement or" Mach  number i n  the test region i s  believed t o  
be accurate  within K) .002 (ref. 61, uld the  angles of attack  presented 
are believed t o  be correc-t  w3tUn 50.1'. 

The aileron  deflection Wles  were determined from the nominal angle 
m d  edditional  angle due t o  deflection under loading conditions. This 
d d i t i o n a l  angle w a s  detedrxed from a s t a t i c  loading caUbrzrtfon. The 
resultizg aileron  deflection angles 6, are  believed t o  be correct 
within fO .2O. 

L i f t  znd drag datz have been adjusted t o  the  conat ion of free- 
stream  sta-tic  pressure at the model bese. Base pressure  coefficients 
f o r  the model without en ai leron  or  p&dh balances aze given i n   r e f e r -  
ence &. B l l e c t i n g  the aileron and adding paddle balznces h&d s reh- 
t ive ly  mall e i f ec t  on the  base  presswes, zsld tkerefore,  the  coefficients 
are no% presented in   t h f s   r epor t .  

No a d j u s b n t s  l o r  sting  interference o r  aeroelest ic i ty  h.we beell 
applied t o  the model erodynamics  forces end moments o r  t o  the &.leron 
force a d  lnoment messurenents * The maximm t w i s t  of the wing with no 
eleron  def lect ign  within the rm-ge of t e s t  conditions  reported has been 
e s t h z t e d  as 0.6 (see ref. 4). -1 boundary-indxced ef fec ts  for 
wing-body conbinations a n  believed t o  be aegligible  in this slo-tted 
tes t   sec t ioc  (ref. 7). 

. 

The accuracy of the zneasured coefficients based on b d ~ ~ ~ c e  zccuracy 
and repeatabil i ty or" data is  believed t o  be within the Tollming l h i t s :  

C L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CD at low l i f t  coeflicients . . . . . . . . . . . . . . . . .  
CD at high l i f t  coefficients . . . . . . . . . . . . . . . . .  
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C n . . . . . . . . . . . . . . . . . . * . . . * . . . . . . .  
CY.............................. 

*.or 
fo .001 
*o. 003 
s . 0 0 3  
fo.001 
io. 0005 
fo.001 

w.02 
fO . or: 
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BESuL;TS AND DISCUSSION 
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Model force and  Inanent characterist ics and the  aileron hinge-mazllent 
&nd normal-lorce  coeff.icients are presented in   f igures  5 t o  12. The 
chordwise and sganwise centers of load on the  si leron are given i n  f i g -  
ures 13 and 1b, respectively.  Figures 3-5 t o  24 present  the vlalysis 
prepared from the  basic date. 

Effectiveness and Loading of Aileron Without  Paddle  Balances 

Effectiveness .- Tne variation of rolling-moment coefficrent with 
aileron  deflection at vmious  angles of attack and Mach nurnbers i s  shown 
in   f igure  8. A s  indicczted by the data a t  the  deflections of these tes t s ,  
the curves  are linear, or nearly linear, at &EL angles of attack  fnvesti- 
gzted and Mach mmbers up tc 1.02, the limit of the tests. Although no 
data *ere obteined at s m a l l  deflection  angles, it i s  believed that no 
discontinuities  in  the rolling-moment curves exist fo r  a flap-type  aileron - 
oc E thi-n unswept  wing nea zero  eileron  deflection.  Generally, .the 
deviations  fro=  straight  l ines  in  the  direction of a lower aileron  effec- 
tiveness are not very lmge  and occur at deflections  greater  thvl about 10' 1 

at Mech nmbers up t o  Etboizt 0.94. A t  higher Mach numbers essentially no 
loss in  effectiveness  occurs w i t h  increasing  deflection up t o  the largest 
deflections of %he tests. 

As shorn- i n  figure 15, the  aileron  effectiveness  parmeter C 

at an angle of attack of zero  remains  nearly  constant and has a value of 
about -0.0020 at Nech nljlrbers from 0.70 t o  =bout 0.92. A s  the Mach nun- 
ber i s  increesed t o  0.gk a s m a l l  increase in  effectiveness OCCUTS. 
Exzmination or' wiag pressure  distributions  in  reference 4 f o r  the present 
nodel w i t h  un&eflected aileron  reveals that the =in w i n g  shock i s  located 
at about the 0 .TS-chord station  (hinge-line  location) et a Mach  number 
03 0.gk an mgle of &tack of zero. As Sa is increased from zero 
the shock probably noves back on the upper surface  (positive  deflections) 
o r  rearward on the lower  surface  (negative  deflections),  thereby  increasing 
the  load on the  aSleron an& w i n g  at a greater  rate  than at lower Mach  nwn- 
bers where the shock i s  ahead of the  aileron. A s  the Mach  number is 
increased above 0.94. the shock Eaves back t o  the  t raf l ing edge and changes 
i n  6, probably no longer arFfect the shock position. IhrKheIpore, w i t h  
conpletely  supersonic  flow  over the aileron, changes i n  Sa probably have 
E-tt le or no effect  on the pressures &ad of the afleron; hence, the 
decrease in  effectiveness. 

'Sa 

The cvrves of figvre 15 also indicate  that  the  aileron  effectiveness 
begins t c  decrease zt progressively  lower Fach  numbers as the ang1.e of 
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attack is increased. W s  decrease is a result of t h e   r e m z r d  movelrent 
of t h e   m i n  wing shock w i t h  increasing  angle of attack, which i s  char- 
ac t e r i s t i c  of thin,  unswept; wings (ref .  4). 

Losing. - The d l e r o n  hiage-moment md normal-force data of f igures l l  
and 12 show tnat  desgite  the  existence or" both  subsonic end suprsonic  
flow aqd the associated shock formations and movements on the model at 
t rmsonic  speeds, the  aileron l o d i n g  variations with def lec t ion   a re   reh-  
t ive ly  u-n-ifon. In   fee t ,   the  curves at low angles of a t tack are l ineer ,  
o r  nearly line=, at EU Mzch nunbers up t o  1.05. Ikpartures from l i n -  
earity  generally occur at tlne same conditions and are similar in   chmacter  
f o r  both  the  binge-mmnt znd ?lo-md"force curves. 

The aileron chordwise position of center of loaGing calculated from 
the nomal-force uld hinge-moment data is  s h m  112 figure 13. A t  angles 
of attack of 0' a d  k0 the center of: load variation  with  deflection i s  
s n U ,  as night be expected i n  view of the  similazity between the hinge- 
moment and nomal-Torce curves. This s- variation is, of course, COIL- 
Tined %o regions where % md Cw me not near zero. A s  Mach nunber 

- a  
i s  increased  the ceGter of load generaUy m w e s  rearward m-til a Mach 
number of about 0.98 is reached, after which its position is nearly con- 
stant .  This r e w a r d   t r a v e l   r e s u l t s  from the r e m m d  movement of the 
w i n g  shock end the resultmt transformation of the  zileron load. from a 
triulgulm shape t o  rectangula-r ( ref .  8). 

The e f fec t  of angle of attack,  aileron  deflection, md Mach number 
on the  a i leroa span-wise center of load is  presented i n  figure 14. Although 
the c-a-ves we somewhat e r rz t ic ,  several trends can be noted.  Increasing 
angle of attack  generaUy  czuses cm inboazd  novenent of load at 6, = Oo, 
while m outboard Znovemct resu l t s  at negative  deflections. For a positive 
eileron  de3lection o r  f o r  the undeflected aileroa increesillg Mach amber 
has l i t t l e   e f f e c t  on the lateral ceater of load u n t i l  a Mach  number  of 0.94 
is rezched where a rather abrugt inboard novenent occurs. T3is imard 
shift avereges  about 5 percent of the  aileron span. The e f fec t  of Mech 
number  on the center of load t=.t negztfve  deflections i s  ve-ry s m a l l  and no 
trend can be noted. 

I?z order t o  show the effec t  of -le of attack on hinge-nronent coef- 
f ic ient   the  data of figure l.l have been cross  plotted end are  presented 
ir?. figures 16 and 1.7. A t  M = 0.70 end 6 = Oo, the increase i n  Ch 
with mgle of attack is  gradud throughout  the  angle-of-attack re-we imes- 
t igated  ( f ig .  16). As shown by the  pressure  distributions of reference k ,  
the l o a d i n s  over the  aileron  renains triangular i n  shzpe and increases 
gr&ueUy w i t h  mgle of attack. A t  M = 0.80 also the hinge m m n t  
increzses  grduKLly  uotil an angle or" about go is  reached where Ch begins * 

. 
c 



t o  increase a t  a greater- rate. The pressure  distributions  indiczte  that 
flaw separztion from the wing leadi-w edge zt about this angle resu l t s  
i n  en increase i n   t h e  load over  the trailing portion of the wing. 

When the Mzch nunber is increased from 0.90 t o  0.96, ch remartns 
neerly  zero at low angles of attack  but  increases rcther Ebruptly a t  Iood- 
erate  angles. Note tha t  the angle at which this increase  begins is pro- 
gressively lower as the Mach  number is increased. A t  each Mach  number 
the main w i n g  shock is  located -near -the aileron  leading edge at the angle 
of attack where the hinge-xonent coefzicient  begins t o  increase  rapidly. 
The increase i n  loading with a i s  caused by the remarrd novenent of 
the shock, which not only increeses the trailing-edge loa&, but  also 
czuses a change i n  the loading shape from triangular  to  trapezoidal  or 
rectangular. A t  Mcch nwnbers  above 0.96 the shock i s  at the t r a i l i n g  edge 
at all emgles .os attack and there is e less abrupt change i n  the slope 
of the Ch against a curve. 

. 

Aileron  deflection has little effec t  on the varietion of hinge-morrent - 
coefficient  with angle of attack  (fig.  17). At a deflection of -12', 
however, the increase  in Q with Sa is generally somewhat nore  gradual 
than at lower deflections. 

The values of the hinge-moment parameter presented i n   f i g -  

ure 18 were obtained from the curves of figure 11 as average slopes at 
6, = 0'. A t  an angle of attack of Oo, increases from about -0.Oll 

at M = 0.70 t o  &bout -0.037 at M = 0.96 a f t e r  which a slight decrease 
occurs.  Increasing  the angle of' a t t ack   t o  ko h ~ s  l i t t l e  effect  on the 
trend of the curve. A t  EUI angle of attack of 8O,  however, the Mach nmber 
et which a rapid  increase io C occurs is reduced from about 0.92 to 

about 0.85. Angle of attack has very little effect  on the values of t h i s  
p m m t e r  a t  the low and high ranges of Mach nuuber. The gradual  increase 
i n  C Et Mzch numbers frm 0.70 t o  about 0.92 a t  a = Oo and ko, &nd 

at  Mach  numbers from 0.70 t o  0.85 for   the  a = 8O c m e  is due t o  com- 
pressibi l i ty .  As  Mach  munber is increased, however, tk rapid  increase 
in ch6a probably result;s frm en increased rate of rearward noverrmrt 
02 the w i n g  shock over the  aileron as the aileron i s  deflected. After a 
Mach  number of about 0.96 is  reached the flow over the  aileron i s  cam- 
pletely  supersonic at all. deflections and only smaJ-1 changes i n  C 

occur as M is  increased. 

""sa 

"6, 

h% 

h%L 

hfh 

The p a m e t e r  C presented in   f igure  18 was obtained from the 
ha 

linear  portion of the c m s  i n  figure 1-6 a t  low angles of attack. This 

. 
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pueneter  i s  very S ~ E U  at Yich numbers  up t o  about  0.96. The wing shock 
remains  ahead of the  aileron a% s m a l l  angles of at tack md, therefore, 
the l o a d  at the tra5li-n-g portion of the wing does not  increase u n t i l  
higher  mgles are attaiaed. At Mach numbers from 0.96 to 1.05, Cl 

na 
increases  repidly  reaching s v a h e  of about -0.012. A t  these Mach  num- 
bers the flow over the aileron i s  completely supersollie and the lo& 
increases  with  increasing m-gle of attack. 

EZfect of' PdXLe  Balances 

The delte-shaped  paddle bdances were designed t o  b-ce about 
25 percent of the aileron hillge monent. In  order t o  u t i l i ze   r e l s t i ve ly  
s& paddles,  geared-type  balances were sjlziulated by mounting then at 
an azlgle 50 percent  greater thm the aileron dePl.e.ction angle  with  respect 

be notes, hovever, that the gear r a t i o  is  not quite constmt in this 
case, because the  aileron  deflection 6, vmies somewhat k-ith losing 
while S, remins very -nealy constanL. 

In  orcier to   obtain f-&her i c T o w t i o n  on the effectiveness of the 
pddles ,  one t e s t  wes rrde et &n aileron  deflection of 10' w i t h  the 
p&d.les mow-ted z% +loo with  respect t o  the  aileron, resLi!.tLtir?g i n  EL 
balm-ce-to-aileron  gear retLo or" 2 t o  1. The following discmsion,  hm- 
ever,  refers t o  d&ta obtdned wit'n Yne bdances geared zk 1.5 t o  1 unless 
otherwise no-Led. 

Aerodynamic chmacter is t ics  .- Drag measurements or" the model with 
the g d d l e   b a n c e s   i n s t z J l e d  were obtained at Mach llumbers of 0.98, 1.00, 
and i. 05 only.  As she" in   f igure  19 the  lmgest   increese  in  drag coef - 
f i c i en t  due t o  the paddle balvlces   (gew  ra t io  = 1.5) is about 0.002. 
This increment is, of course, only half the amom% that would occur f o r  
tk con3igwetion  with peddle baLances on bo%h ailerons. 

Addition of the paddle bdances t o  the nodel r e s u l t s   i n  only lrinor 
changes i G  rolling-noxent  coefficient o r  aileron  effectgveness  zt Mach 
numbers fro= 0.98 t o  1.05 ( f ig .  20). The e f fec t  on rolling-mcment coef- 
f i c i en t  of increasing t l e  p&dl.e angle fran 3 w i t ?  respect to %he aileron 
(geared 1.5 t o  1) t o  loo (geared  2 t o  1) at a nminal  6, of loo i s  shown 
in  f igure 2l. Ti ro l l ing  moment i s  increzsed by increasing  the paddle- 
bpilance angle zt a Mach  nwnber  of 0.70 and t o  a lesser  extent at e Mach 
rimber of 0.m. Bowever, as the Mach nwnber i s  increased t o  0.94 and 1.00, 
the paddle-balance -le has little ef fec t  on r o l l i c ?  moment. 

-0 
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Aileron  loading.- Tjne ai leron  noml-force  coefficient at Mach  nun- 
bers of 0.98, 1.00, and :L.O5 ( f ig .  22) i s  affected  very l i t t l e  by the 
p&ddle balances.  Appzrextly the paddles bend the streamlines  such  that 
the load on the  aileron :is reduced an amount zlnost  equal  to  the normal 
load on the paddles. 

The data of figure 23 indiczte that the padme  balances  reduce the 
hinge nment by &bout 22 percent at an angle of attack of zero and, as 
shown i n  figure 18, reduce C a t  a l l  angles of &tack by about the 

sane percentage. As stzted  previously,  the  balances were designed t o  
decrease the aileron hinge moments by about 25 percent. The cdculat ions 
of pddle-balance  effectiveness are, theref ore, i n  relatively good agree - 
mnt   wi th   the  measured values. These calcul&tions were perfomd by 
utilizing  supersonic lifi; and drag data of a delta-wing plan form aad the 
appropriate moment arms. 

h& 

The variation of aileron hinge-moment coefficient with paddle-balance 
angle at a Eominal aileron  deflection of loo i s  shown in   f igure  24. 
Although the  quantitative  effect of S, on Mnge moment is somewhat 
erratic,  increasing the paddle-beJmce aagle from 5O t o  10' reduces  ch 
a t  a l l  Mach  numbers and angles of attack shown. 

CONCLUSIONS 

Results of a transonic  investigation of the effectiveness and loading 
characterist ics of a f lap type   a i le ron  on an unswept-wing-fuselage model 
w i t h  m d  without  paddle baLances instal led l e d  t o   t h e  following 
conclusions: 

1. With increasing M at a = OO the aileron  effectiveness C~ 

is nearly  constant at a value of about -0.0020 u n t i l  a Mach number of 0.94 
is  reached after which a decrease  occurs.  Increasing the angle of attack 
reduces  the Mach  number zt which a decrease in  effectiveness  begins. 

6a 

2. Tl-& hinge-moment pammeter at a = 0' varies frm 
"8, 

about -0. O U  at M = 0.70 t o  about -0.037 2% M = 0.96 after wMch a 
slight  decrease  occurs.  Increasiog  the angle of Ettack t o  8' has little 
effec t  on the  general trend of the curve. 

3. The parameter Clh is very s d l  at Mach numbers  up t o  about 0.96 
d t e r  which e. rapid increase  occurs  reaching a value of about -0.012 at 
M = 1.05. 

J 
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4. A t  Mach numbers from 0.98 t o  1.05 the paddle bahnces reduce 
the hinge-maanent parmter C by about 22 percent and reduce the 

hinge-moment coefficieEt at u = Oo by about the same percentage. 
h6a 

5. The greatest  increese i n  dreg coefficient due t o  the addition 
of ?addle bdmces t o  one aileron amounts t o  &bout 0.002. 

Langley Aeromutical  Uboratory, 
Nationd Advisory Caninitkee l o r  Aeronautics, 

Langley Field, Va., Jammy 24, 1956. 
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Figure 1.- Geometric details of model. A1.I dimensions are in inches except 
an noted. 



(a ) View of complete model. 

Figure 2.- Photographs of mdel mmted in the tunnel. 
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(b ) Top view of aileron and paddle balance. 

Figure 2. - Continued. 
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(c ) Pottom view of aileron and  paddle  balance. 2-87868 

Figure 2. - Concluded. 
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Paddle detail 

Bevel angle = I+-* 

Section k 

Centrord df paddle 

Model p[an_e of  symmetry - 4 
FTgure 3.- Aileron ad paddle balance  details. -411 dimensions  are 

Fnche s . 
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Mach number, M 

Figme 4.- Variations of Re.yno1d.s number with Erach number. 
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Figure 6.-  Model drag  characteristics. 
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Figure 7. - Model pitching-mxeni; characteristics. 
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Figure 8. - Model rolling-moment characteristics. 
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Figure 11.- Aileron hinge-moment characteristics. 
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Figure 12.- Aileron normal-force characteristics. 
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Figure 13.- Aileron chordwise center 02 pressure. 
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Figure 14. - Aileron lateral center of pressure, 
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Figure 16.- Variation of binge-nament coefficient with angle of attzck 
and Mach  number.  6, = 0. 
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Figure 18.- Effect of Mach nunber on the parameters C and Cb. 
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Figure 19.- Effect of paddle  balance on mdel drag coefficient. NogJnal 
paddle-balance gear r a t io  = 1.5. 
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Figure 20.- Effect of paddle  balance on rolling-nonent  coefficient. 
Flagged symbols denote aileron  with ?addle bdances  installed. 
NomFnal paddle-balm-ce  gear ratgo = 1.5. 
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Figure 22.- Effect of paddle  balances  on  aileron  normal-force  coefficient. 
Flagged symbols denote  aileron  w5th  paddle  balances  installed. Nominal 
paddle-balance  gear  ratio = 1.5. 



NACA Rh! ~ 5 6 ~ 0 2  39 

. I  . I  

Q, de9 a, deg 
0 0  0 0 0 0  

4 0  0 4 a  0 

8 0  0 8 0 0  

Gh -. I Gh -. I 

-. 2 -. 2 

-.3 -.3 

-.4 -.@ 

- 
5 2 0 2 4 6 8 1 0  - .5 - 2 0 2 4 6 8 1 0  

80, So, deg 

Figure 23. - Effect of padale  balmces on aileron hinge-mnent coefficient. 
Flagged symbols denote aileron kli-th paddle  balances installed. Norhal 
pzddle-balance gear r a t i o  = 1.5. 
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